We have studied the photodissociation of ICl using linearly polarized light at 532 nm. This wavelength excites several electronic states. Using linearly polarized probe light, we have measured the angular momentum distributions of the 35 Cl( 2 P 3/2 ) and 37 Cl( 2 P 3/2 ) photofragments, which are found to differ significantly. These distributions are expressed in a multipole moment expansion having four terms. These terms can be classified as incoherent contributions from parallel and perpendicular transitions, and coherent contributions from interference that arises from these interacting states. Analysis of these angular momentum distributions using this formalism shows that the incoherent contributions from the dissociating surfaces are mass independent, whereas the coherent contributions are mass dependent.
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As predicted by van Brunt and Zare, 1 photodissociation of a diatomic molecule can produce atomic photofragments with a highly anisotropic angular momentum distribution. A recent experimental study by Eppink et al.
2 reported the observation of maximally aligned O( 1 D 2 ) atoms from the photolysis of O 2 in the b 1 ͚ g ϩ state. In their study, the angular momentum, j, of the O( 1 D 2 ) photofragment is found to occupy almost exclusively the m j ϭ0 state, so that j always points perpendicular to the recoil direction. The production of these maximally aligned O( 1 D 2 ) atoms depends on the fact that the photoexcitation is well-defined ͑the transition is pure parallel in character͒, and that the subsequent dissociation process is rapid ͑axial recoil͒ and adiabatic. This behavior is often the case but the presence of multiple dissociative states and nonadiabatic effects can produce much more complicated photofragment angular momentum distributions. An example of this more complex dissociation dynamics is reported in this Communication.
In this work we photolyze ICl with linearly polarized light at 532 nm, and we probe the Cl( 2 P 3/2 )photofragments with linearly polarized light at 235 nm using ͑2ϩ1͒ resonance-enhanced multiphoton ionization ͑REMPI͒. The recorded signal is sensitive to the angular momentum distribution of the Cl( 2 P 3/2 ) photofragments. This distribution can be described by a multipole moment expansion, as shown in the full quantum mechanical treatment of Siebbeles et al. 3 We modify the previous treatment by Siebbeles et al. and introduce the polarization parameters a q
and a q (k) ( ʈ ,Ќ) to describe the photofragment angular momentum distribution in the molecular frame. 4 These parameters are related to the well-known polarization parameters, A q (k) . 5, 6 The parameters a q (k) ( ʈ ) describe the contributions to the photofragment angular momentum distribution that arises solely from dissociative surfaces accessed through parallel transitions, the a q (k) (Ќ) describe the contributions that arise solely from dissociative surfaces accessed through perpendicular transitions, whereas the a q (k) ( ʈ ,Ќ) describe the contributions that arise solely from the interference between the parallel and perpendicular dissociative surfaces. The total angular momentum of the photofragment, jϭ3/2, restricts k to be less than 4; the use of linearly polarized probe light restricts experimental sensitivity to parameters with even k. Consequently, the experiments reported here are sensitive to only four parameters a 0 (2) ( ʈ ), a 0 (2) (Ќ), Re͓a 1 (2) ( ʈ ,Ќ)͔, and a 2 (2) (Ќ), which are all real. The relative ionization probability of a photofragment in terms of these polarization parameters and the orientation of the recoil direction with respect to the photolysis and probe laser polarization directions is given by where ␤ is the photofragment spatial anisotropy, ⑀ is the angle between the recoil direction and the photolysis laser polarization, ⌰ is the angle between the recoil direction and the probe laser polarization, ⌽ is the azimuthal angle of the photolysis and probe polarizations about the recoil direction, G c 2 is the long-time-limit hyperfine depolarization coefficient 7 which, in this study, is equal to 0.27, and s 2 is the relative sensitivity of the parameters with kϭ2, 8 and is equal to Ϫ5/4 in this study. The form of Eq. ͑1͒ will be justified in a later publication. 4 Equation ͑1͒ is used in the fitting of the measured polarization-dependent time-of-flight profiles to obtain the polarization parameters. The angular momentum distribution, D, in the molecular frame is then given by D͑,, ⑀ ,␤,a q ͑ k͒ ͒ϭ1ϩ͓͑1ϩ␤ ͒cos
where and are the spherical polar angles. The experimental apparatus and techniques have been described elsewhere. 9, 10 Briefly, liquid ICl and 800 Torr of helium gas are mixed in a bulb cooled in an ice bath; the resulting gas mixture is then expanded through a pulsed nozzle into the vacuum chamber with a backing pressure of 380 Torr. The ICl is photolyzed with linearly polarized 532 nm light ͑100 mJ/pulse͒ from the frequency-doubled output of a Nd 3ϩ :YAG laser, which is gently focused into the detection region. After 20 ns, the Cl ( 2 P 3/2 ) atom photofragments are detected via ͑2ϩ1͒ REMPI through the 3 p 4 4p 2 S 1/2 level. The linearly polarized 235 nm probe light ͑100 J/pulse͒ is generated from the frequency-doubled output of a Nd Cl ϩ ions. These profiles are the difference of profiles in which the probe polarization is parallel and perpendicular to the time-of-flight axis. This subtraction procedure is accurate to better than 1% of the total signal, whereas the difference signals are greater than 10% of the total signal. Additionally, these difference profiles are proportional to the polarization parameters. The two photolysis polarization geometries are the minimum required to measure all four polarization parameters.
The fit of the profiles shown in Fig. 1 yields the a 0 (2) ( ʈ ), a 0 (2) (Ќ), Re͓a 1 (2) ( ʈ ,Ќ)͔, and a 2 (2) (Ќ),for both 35 Cl and 37 Cl, and the results are presented in Fig. 2 . The fit yields a startling result: the incoherent contributions to the polarization, the a 0 (2) ( ʈ ), a 0 (2) (Ќ), and a 2 (2) (Ќ) are identical, within error, for both 35 Cl and 37 Cl; in contrast, the coherent contribution to the polarization, the Re͓a 1 (2) ( ʈ ,Ќ)͔ parameter, is strongly positive for 35 Cl but strongly negative for 37 Cl.
Apparently, it is this coherent parameter that is entirely responsible for the differences observed in the angular momentum distributions of the 35 Cl and 37 Cl photofragments. This polarization parameter analysis isolates the coherent and incoherent contributions from parallel and perpendicular transitions. Therefore, we believe this formalism is both natural and physical for describing photofragment angular distributions. The molecular frame parameters used here will be discussed extensively in a future publication. 4 The measured molecular frame parameters, with the use of Eq. ͑2͒, can be used to depict the molecular frame angular momentum distribution. In Fig. 3 , we show the dependence Cl photofragments as a function of the direction the photolysis polarization makes with respect to the photofragment recoil velocity, v. When the photolysis polarization is parallel or perpendicular to the recoil direction, the excitation light accesses pure parallel or perpendicular transitions, and the angular momentum distributions depend on the incoherent polarization parameters only. As can be seen in Fig. 2 , the incoherent polarization parameters for the 35 Cl and 37 Cl photofragments are identical within error. Consequently, we expect that the photofragments should possess the same angular momentum distributions. Figure 3 shows that, in these cases, the 35 
Cl and 37
Cl photofragments possess very similar angular momentum distributions; the small differences indicate the uncertainties in the measurements. In contrast, when the photolysis polarization is at an intermediate angle, Fig. 3 shows that the angular momentum distributions peak at intermediate angles, but with an opposite sense for 35 Cl and 37 Cl. This effect, which breaks planar symmetry ͑defined by v and vϫ⑀ phot ), can only arise from interference effects.
The photofragment spatial distribution is measured to be approximately isotropic for both the 35 Cl and 37 Cl photofragments, i.e., the ␤ parameter for both photofragments is near zero. This measurement indicates that 532 nm light accesses excited states that are of both parallel and perpendicular character. We believe that these states are 3 ͟ 0ϩ and 1 ͟ 1 . 11, 12 In these experiments, no information can be obtained from the spatial anisotropy about the nature of the coherence of this excitation process. Photofragment vector correlations have long been considered a useful probe of photodissociation dynamics. 13, 14 We have observed that Cl ( 2 P 3/2 ) atoms from ICl photolysis are strongly aligned. Furthermore, the alignment parameter measurements show coherences between parallel and perpendicular excited states. It is particularly interesting that the coherences for 35 Cl and 37 Cl are markedly different, especially as there are no isotope effects in the excitation cross section, spatial anisotropy, or incoherent alignment parameters. Several of the excited states of ICl are bound and support vibrational structure; therefore, it is possible that vibronic effects could influence the photodissociation dynamics in a mass-dependent fashion. Additionally, we have measured that the polarization parameters do not depend on whether photolysis laser is injectionseeded; thus, we conclude that the interference effects are not sensitive to 1 cm Ϫ1 variations of the photolysis energy, and thus are not the result of a sharp resonance. Work is in progress in our laboratory measuring the orientation of the Cl atoms using circularly polarized probe light and investigating how the photodissociation dynamics change with excitation energy. The results presented in this Communication demon- strate that the measurement and characterization of the photofragment angular momentum distribution can provide new insight into the nature of photodissociation dynamics.
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